Background Small cell lung cancer (SCLC), the most aggressive form of lung carcinoma, represents approximately 15% of all lung cancers; however, the economic and healthcare burden of SCLC is not well-defined. Objective The aim of this study was to explore the impact of SCLC on healthcare costs through a systematic literature review (SLR). Methods Using the OVID search engine, the SLR was conducted in PubMed, MEDLINE In-Process, EMBASE, EconLIT and the National Health Service Economic Evaluation Database (NHS EED). Searches were limited to studies published between January 2005 and 24 February 2016, and excluded preclinical studies. Additional internetbased searches were conducted. In total, 229 abstracts were retrieved and systematically screened for eligibility, with 17 publications retained. Results The majority of publications provided data on limited and extensive disease of SCLC. The reported burden was categorised as direct costs and indirect costs, with the majority of the publications (n = 16) reporting on direct costs and one reporting on both direct and indirect costs. The only indirect costs reported for SCLC were lost productivity (premature mortality costs) and caregiver burden. Chemotherapy, diagnostic costs and treatment costs were identified as significant costs when managing SCLC patients, including the associated treatment costs such as hospitalisation, nurse visits, emergency room visits, follow-up appointments and outpatient care. Conclusions SCLC and its treatment have a substantial impact on costs. The scarcity and heterogeneity of economic cost data negated meaningful cost comparison, highlighting the need for further research. Capturing the economic burden of SCLC may help patients and clinicians make informed treatment choices and improve SCLC management.
Only limited information on the indirect costs of SCLC is available in the published literature (namely, data on productivity loss due to premature death).
The varied nature of the studies captured indicates that a more uniform and consistent approach is needed when reporting on the costs of SCLC.
Introduction
Lung cancer is the second most prevalent cancer worldwide, with more than one quarter (27%) of all cancer deaths in 2015 attributed to lung cancer [1] . It is a leading cause of cancer mortality, responsible for 1.69 million deaths worldwide in 2015 [2] . As the symptoms associated with lung cancer are often non-specific, it is frequently diagnosed in the late stages; this is reflected in a 5-year survival rate estimated at \20% [3] .
SCLC accounts for approximately 15% of all lung cancers and has its highest occurrence in smokers [4] . While representing a comparatively small proportion of lung cancers, SCLC is the most aggressive from of lung cancer, with faster growth and earlier metastasis than any other pulmonary cancer [5] . It is characterised by a rapid doubling time and early onset of dissemination [5] . Although SCLC is initially sensitive to existing forms of chemotherapy, progression occurs rapidly and a high incidence of recurrence has been observed [4, 6] . Surgical resection is the mainstay of treatment for patients with non-small cell lung cancer (NSCLC), however nearly 70% of patients present with metastatic or locally advanced disease [7] . Compared with NSCLC, curative surgery is rarely an option in SCLC as most patients present with already widely metastatic or locally advanced disease at diagnosis. Untreated patients typically have a median lifespan of 2-4 months following diagnosis [8] .
The limited rate of early diagnosis, rapid development of resistance to existing treatment, and low 5-year survival rates present a significant unmet need in the disease area [6] . Although SCLC is only a small subset of total lung cancers, it is still a considerable social, economic and humanistic burden, with close to 30,000 new cases being reported in the US annually [6, 8] .
The overarching objective of this systematic literature review (SLR) was to conduct a comprehensive search to synthesise the direct and indirect costs associated with SCLC in Australia, Brazil, Canada, Europe, Japan, Russia and the US. The authors deemed these populous regions to represent various levels of socioeconomic development, across five continents.
Key components and drivers of the economic burden of SCLC were examined across different SCLC patient subpopulations. Economic burden was defined as any direct and indirect costs of SCLC, including diagnosis and treatment costs, loss of work productivity, or costs to caregivers or family members.
Methodology
The primary objective of this literature review was to summarise the economic burden of SCLC and to define and understand the key drivers and factors that underpin these impacts. These included social costs (e.g. lost productivity, caregiver burden, absenteeism, presenteeism, out-of-pocket expenses, burden of premature mortality) and healthcare costs (e.g. direct medication costs, primary care costs and secondary care costs, such as hospital admissions). The secondary objectives were to understand how the cost burden associated with SCLC varies across different patient subpopulations, where data allowed. The following subpopulations were examined when analysing the results: smokers and non-smokers; programmed death-ligand 1 (PD-L1) positive and PD-L1 negative; relapse/refractory disease (second-/third-line therapy) and non-advanced (first-line therapy) SCLC; limited-and extensive-stage disease; and brain metastases associated with SCLC. A further exploratory objective investigated in the SLR was the potential to distinguish between 'disease symptom burden' and 'treatment burden'.
A literature search was conducted to identify publications relating to the costs of SCLC. The following computerised bibliographic databases were searched using the OVID search engine for the economic burden SLR:
In-Process, EMBASE, EconLIT and National Health Service economic evaluation database (NHS EED). The search was limited to studies published in the past 10 years (1 January 2005-24 February 2016) and excluded preclinical studies. To ensure all publications of interest were captured, both English and non-English language publications were included in the search. The search utilised a combination of disease and cost burden subject headings and free-text searching in order to ensure that the most relevant literature was identified and reviewed (see Appendix A).
All abstracts identified in the search were screened for full-publication review by two independent reviewers (MP and RW). Any disagreement was resolved by a third senior researcher (AE). Publications reporting costs associated with patients without specific reference to SCLC, or reporting data on treatment efficacy/interventional data in SCLC, which did not assess the economic burden, were excluded. Publications reporting data for patients \16 years of age, study populations of\30 patients, or publications consisting of letters, editorials or commentaries, as well as publications with no study length restrictions, were also excluded.
Publications were included in the full-text review based on the following inclusion criteria: publications presenting data specific to or including SCLC patient populations in the following geographical regions: Australia, Brazil, Canada, Europe, Japan, Russia or the US; publications reporting the direct or indirect costs associated with the management of SCLC across these countries and regions; and publications presenting data specific to or including patients with SCLC.
All included publications were assessed for quality against an adapted version of the DRUMMOND checklist [9] . Some publications identified through the primary search were abstracts and posters, therefore a full quality assessment was not possible.
As recommended by the Cochrane Collaboration [10] , when studies provided sufficient methodological information, cost data were converted to a common currency and year (2016 US$) using a cost converter tool provided by the Campbell and Cochrane Economics Methods Group and the Evidence for Policy and Practice Information and Co-ordinating Centre (see Appendix B) [11] .
An additional internet-based search was conducted to identify any further relevant literature. This internet-based search was conducted using a combination of keywords and included both non-peer-reviewed publically available information and peer-reviewed publications that may not yet be indexed in databases such as PUBMED or Embase, because of their recent publication date, or because they were published in journals that are not indexed within these databases. Conference proceedings from the annual European, US, Asia-Pacific and Latin American congresses of the International Society for Pharmacoeconomics and Outcomes Research (ISPOR), the American Society of Clinical Oncology (ASCO) annual meeting, the annual European Cancer Congress (ECC), European Society for Medical Oncology (ESMO) and the annual World Conference on Lung Cancer (WCLC) were reviewed.
Results
A total of 229 publications were identified: 217 in the OVID search and 12 in the additional internet-based search. As the search retrieved only a small number of publications, indicating a paucity of primary studies on the cost burden of SCLC, it was decided that the review should also capture secondary evidence such as economic modelling studies, if these presented evidence on the costs of the disease. Primary references within existing systematic reviews were also examined to identify further relevant data, even if these primary sources were not captured directly by this search.
Following abstract screening and full-text review, a total of 12 full-text publications from the OVID search [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] were taken forward for inclusion in the SLR (Fig. 1) . OVID searching identified four conference abstracts and one poster that were relevant in the context of this review, however full-text publications could not be sourced [26] [27] [28] . These publications will be referred to as 'grey literature' throughout this manuscript. As there was a paucity of publications identified on the cost burden of SCLC, these grey literature sources were included in the final SLR, resulting in a total of 17 inclusions [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] .
No further publications were retained from the search of internet-based sources (such as disease-specific and patient advocacy websites and conference proceedings from ISPOR, ASCO, ECC, ESMO and the WCLC), as the 12 conference abstracts identified did not provide data specific to SCLC and costs [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] .
The number of publications identified and the type of publications included in the SLR are presented in Fig. 2 . Three literature reviews were included in this review as they undertook economic evaluations of SCLC costs; however, the primary publications reported in these reviews did not report SCLC-specific costs and were therefore not included in the review [15, 19, 21] .
The publications were grouped based on the costs reported in direct and indirect costs.
The majority of publications reported on direct costs (n = 16) and only one publication reported on both direct and indirect costs (n = 1). Further details of publications included within the SLR are presented in Table 1 .
Quality Assessment
To assess the quality of all included publications, an adapted DRUMMOND checklist for economic evaluation quality assessment was used [9] . The assessment included three aspects (study design, data collection, and analysis and interpretation of results) and a total of 36 criteria. Each publication was independently assessed for quality by two researchers and given a score of 0 = not reported, 1 = not clear, or 2 = reported (or NA if not applicable). Scores were then summed and a percentage given for each publication from the number of questions that were applicable to that publication.
For example, a publication may have information reported for five items (equating to 10 points), not reported for three items (=0 points), not clear for three items (=3 points) and not applicable for two items, totalling 13 points. In this case, the total number of applicable items (items that score 0, 1, or 2) is 11, and hence the total number of possible points is 22; therefore, the publication's final quality score is 59% [(13722) 9 100].
The assessed publications received a high-quality score, ranging from 73.1 to 91.7% (see Table 2 ). Four publications could not be assessed in this way as they were abstracts or posters only and therefore could not be scored [22, [26] [27] [28] . However, due to the paucity of data retrieved from the primary search, these publications were included in the final SLR.
Direct Costs
The direct costs of SCLC were reported in 17 studies. The research focus varied across publications and different cost items were reported, as described in Table 1 .
Direct cost components were chosen arbitrarily by the authors on the basis of their respective objective, and could not be compared. This was indicative of the paucity of data found on SCLC costs and the varied nature of how they were reported. Several direct cost components were identified as potential cost drivers for the economic burden of SCLC. Chemotherapy and associated costs were identified as major cost components in five publications [12-14, 16, 26] . Diagnostic costs were high in SCLC, including costs of computed tomography, positron emission tomography (PET), chest x-ray, magnetic resonance imaging (MRI), cytohistology, bone scans and screening administration [12, 16, 18, 20, 21, 28] . Treatment costs represented a significant proportion of direct costs, specifically SCLC medication costs or surgical costs, which included high associated treatment costs, such as hospitalisation, nurse visits, emergency room visits, follow-up appointments, and inpatient and outpatient care [12, 16, 17, 20, 23, 25, 27] .
Several publications investigated cost components of lung cancer [12, 13, 16, 27] . In Turkey, the mean total cost per lung cancer patient was reported by Cakir and Karlikaya as $14,306 (USD, cost year not specified), and the Fig. 1 PRISMA flow chart of the included and excluded publications. PRISMA Preferred reporting items for systematic reviews and meta-analyses median total cost per patient was reported by Turk et al. as €910 (€, cost year not specified) [12, 27] . High costs were reported in treatment and inpatient services in Turkey, as well as direct medical costs (Table 3 ) [12] . Costs in the US were $896.73 per chemotherapy visit or $10,760.85 per course of treatment (Table 4 ) [13] . In Australia, the median cost per month of survival for all lung cancer (SCLC and NSCLC) patients was AU$1854 (AU$, review of patient records 2005-2008, applying 2005 Australian Medicare Benefits Schedule costings, adjusted to 2016 US$) [16] . Hospitalisation and chemotherapy were the highest direct costs reported (see Table 5 ) [16] .
Chemotherapy costs were also a major component of lung cancer costs [12, 27] . Intravenous chemotherapy administration and other visit-related drugs and services accounted for nearly half of the total cost per intravenous visit day in one study [13] . A substantial economic burden on patients with extensive-stage SCLC and NSCLC was observed in the US (see Table 6 ) [17] . The primary drivers of costs were hospitalisation, office visits, and hospital outpatient visits, and chemotherapy use was significantly more prevalent in SCLC compared with NSCLC [17] .
In Italy, the economic impact of patients enrolling in sponsored clinical trials on national healthcare spending was examined [14] . The costs of chemotherapy agents were reported to be high and the enrolment of 44 patients in sponsored clinical trials produced a saving of 30% of the pharmaceutical expenses for antineoplastic agents, however no specific cost data were reported [14] .
In Japan, median hospital length of stay was longer for SCLC (20 days) than NSCLC (18 days) patients, and total charges (US$, cost year not specified) differed significantly between SCLC ($6015) and NSCLC patients ($6993) [18] . A review investigated PET-based staging for SCLC in Australia, reporting its cost to be AU$1189.10 per patient, compared with conventional staging costs of AU$1194.29 (2010 Australian Medicare Benefits Schedule costings, adjusted to 2016 US$) [21] . The costs of SCLC and NSCLC management were investigated in Australia, where the costs of managing NSCLC and SCLC were found to be comparable [16] . Table 5 ) [16] . Turk et al. examined the diagnosis costs of SCLC patients hospitalised in Turkey (€, cost year not specified) and reported the total cost of diagnosis per patient as €937 in limited-stage SCLC and €502 in extensive-stage SCLC [27] . Furthermore, Patrice et al. found that the addition of thoracic radiation therapy to prophylactic cranial irradiation (PCI) in extensive-stage SCLC patients in the US resulted in a $4066 cost increase (US$, cost year not specified) [26] .
Direct Costs of
Karve et al. reported on healthcare costs per patient for extensive-stage SCLC and metastatic NSCLC in the US (US$, cost year not specified). In both the SCLC and NSCLC cohorts, hospitalisation was the predominant cost driver, accounting for approximately half of all costs (see Table 6 ). SCLC disease-related costs were a larger percentage of total (all-cause) costs compared with NSCLC (62.6% vs. 56.4%) [17] .
Seven other publications reported on extensive-and limited-stage SCLC, however the costs reported were not separated by extensive and limited SCLC [12, 15, 18, 19, 21, 22, 25] .
Direct Costs of Prophylactic Therapies
Prophylactic therapy costs were reported frequently, with two modelling and one observational publication reporting on the direct costs of multiple prophylactic therapies, or presenting mean costs of prophylactic therapy [22] [23] [24] . Timmer-Bonte et al. investigated the economic burden of Table 7) . The relatively high price of administering G-CSF was the determining cost factor [24] .
In France, the economic implications of using pegfilgrastim to prevent febrile neutropenia induced by chemotherapy in SCLC were explored [23] . The difference in the costs of preventing and managing febrile neutropenia between the two strategies was €1743 for the pegfilgrastim strategy and €1466 for the G-CSF strategy (€, cost years not consistently reported). Pegfilgrastim was more costly than first-generation G-CSF; however, concern about the excess cost may be reduced by the perceived convenience of the pegfilgrastim strategy [23] .
The cost of PCI with hippocampal avoidance was reported as $13,377.61 versus $6388.28 for PCI in limitedstage SCLC patients in the US (Medicare's 2014 reimbursement rate adjusted to 2016 US$) [22] .
Direct Costs of Bone Metastatic Disease
As part of the secondary objectives of this SLR, the costs of bone metastasis were investigated. A French prospective, observational study reported on bone metastasis in SCLC [25] . The total cost of bone metastatic disease for both SCLC and NSCLC was €1,715,213 (cost year not specified) for the entire cohort of patients (n = 554) [25] . The mean management cost during the first year after onset was €3999, of which 49.5% was linked to the management of patients with skeletal-related events. Metastatic bone disease presented a significant driver of oncology costs, with skeletal-related events being the most burdensome cost of bone metastatic disease management [25] .
Cost of SCLC by Subpopulations
The economic burden of disease in different SCLC subgroups was also explored in this review. Due to the diverse study designs of publications presenting smoking and nonsmoking populations, comparisons could not be made on any variation in cost between these subpopulations.
The costs of SCLC staging were investigated in two publications, with Kang Table 5 ), while the median cost per month of survival for all lung cancer (SCLC and NSCLC) patients was AU$1854 [16] . Hospitalisation and chemotherapy were the greatest components of cost, representing 44 and 22% of total costs, respectively. Overall, the total costs of managing SCLC and NSCLC were comparable [16] . Karve et al. also reported on high hospitalisation costs in both the extensive-stage SCLC and metastatic NSCLC cohorts, accounting for approximately half of all costs [17] . Chemotherapy use was significantly more prevalent in extensive-stage SCLC compared with metastatic NSCLC, while surgery and radiation therapy were more prevalent in metastatic NSCLC. Utilisation of haematopoietic growth factors and some supportive care therapies were significantly higher in extensive-stage SCLC patients, however the authors did not explore the reasons for this [17] .
Two publications reported on patients with brain metastases but did not present separate costs for patients with these metastases, therefore no conclusions could be drawn [19, 22] . The lack of information on the costs of brain metastases in SCLC highlights this as a crucial area where more research is needed.
Symptom Burden versus Treatment Burden
Despite the systematic nature of this review, no publications were found that distinguished between symptom and treatment burden directly, therefore no conclusions could be drawn. 
Indirect Costs
Indirect SCLC costs, such as lost productivity (e.g. absenteeism), care costs (indirect costs associated with caring and house work), out-of-pocket expenses, income foregone due to illness-related early retirement, and presenteeism were investigated in this SLR. The indirect costs of SCLC were captured in a single publication by Cakir and Karlikaya and included lost productivity due to premature death (total $866,870; US$, cost data not specified; 59% of total lung cancer costs) [12] . This study found that the indirect costs experienced by patients in Turkey varied widely, ranging from $500 to $99,000 [12] . Indirect costs were high in relation to the total costs presented, however these costs were not compared with indirect costs of other cancers [12] . Work productivity was the only indirect cost component reported for SCLC patients, highlighting the need for more studies in this area.
Discussion and Conclusions
The publications included within this SLR varied widely in methodology, patient characteristics (e.g. age, proportion of male patients, cancer stage), analytical methods, type of reported costs (costs associated with, for example, diagnosis, surgery, treatment), and cost components (e.g. inpatient costs, outpatient costs, administration). Publications also varied by region of interest, including studies conducted in Europe [12, 14, 15, 19, 20, [23] [24] [25] 27] , North America [13, 17, 22, 26] , Oceania [16, 21] , and Asia [18] . The majority of identified publications were observational studies (n = 10), followed by modelling studies (n = 4) and SLRs (n = 3). Most publications (9/17) reported data for both SCLC and NSCLC patients, while only eight studies reported on SCLC patients only [13, 15, 19, 21-23, 25, 26] . Generally, SCLC patients were the minority of lung cancer patients, while NSCLC patients were the majority, results that are aligned with the general population of lung cancer patients [42] . To the authors' knowledge, this is the first SLR of the economic burden of SCLC and the results summarised here will contribute significantly to the understanding of the true magnitude of costs associated with SCLC. The varied nature of the studies captured indicates the need for a uniform and consistent approach when reporting on costs of SCLC, as well as a clear need for more research in this field.
It must be noted that the authors of the identified publications based the reported costs (e.g. costs associated with diagnosis, surgery, treatment, hospitalisation) on different sources, such as published literature, databases, operative unit reviews and individual hospital data. They also used different currencies, and the cost components (e.g. inpatient costs, outpatient costs, administration) contributing to reported total costs varied widely and were chosen arbitrarily by the authors of the identified publications, in accordance with the research questions the research was trying to address. To this end, the data included in this review are very heterogeneous in type and magnitude, making direct comparison and conclusions challenging.
In comparison to a systematic review previously conducted on NSCLC, there were very limited data on the indirect costs of SCLC [43] . The only indirect costs of SCLC captured were lost productivity due to premature death [12] . The most commonly reported indirect cost in NSCLC was lost productivity, along with caregiver burden, although only five papers reported on indirect costs in that review [43] . As information on indirect costs of SCLC was scarce in the peer-reviewed literature, grey literature sources were identified to augment the findings of the SLR. Increased caregiver work and activity impairment in lung cancer were reported in conference proceedings [29] , and a high economic burden of lung cancer illness was also reported [39] ; however, none of these additional findings investigated SCLC directly, providing only limited information for this literature review.
Direct costs, including drug costs and cost of hospital admissions, were the most commonly reported costs for both NSCLC and SCLC (n = 17). Many publications included in this SLR reported on general lung cancer costs that included SCLC (9/17), but the proportion of SCLC patients was not always reported, creating uncertainty about the relevance of the data. Due to the heterogeneity and limited availability of the economic burden of SCLC CI Confidence interval, G-CSF granulocyte colony-stimulating factor a In bootstrap analysis, the original cost data sample was parameterised normally by bootstrapping the original sample data, the results from this systematic review and grey literature search have been presented as a narrative synthesis, without any direct comparisons made. A secondary objective of the SLR was to identify whether any differences exist between patient subpopulations. The following patient subpopulations were reported in the publications included within this review: smokers and non-smokers [20, 28] , SCLC-stage costs [16, 17] and brain metastases [19, 22] , and SCLC versus NSCLC [16] [17] [18] 27] . However, due to the heterogeneity of costs reported, no conclusive evidence for how costs vary between these subpopulations could be provided. The SLR found no published data on the PD-L1 subgroup in SCLC. While PD-L1 expression strongly correlates with benefit for patients with NSCLC, there is a lower prevalence of PD-L1 expression in SCLC, which is likely the reason for the paucity of data found in this SLR [44] [45] [46] . A larger population analysis is required to establish whether PD-L1 expression correlates with benefits in SCLC [44] .
Limitations
Certain limitations were noted during the course of this SLR. The broad research question of the SLR resulted in the identification of publications reporting a disparity of cost aspects related to SCLC disease diagnosis and management. Differences in study design, study objective and methodology increased heterogeneity in data reporting, and, as a result, no quantitative analysis, such as a metaanalysis, could be performed.
Additionally, only a minority of the studies provided sufficient information to allow their cost results to be converted to a fixed price-year, as is recommended by the Cochrane Collaboration [10] . The majority of studies providing relevant cost data were not eligible for conversion: six studies stated when resource use had been captured, but failed to provide the year of costing information [12, 17, 18, 23, 25, 27] , and one provided neither of these [26] . This limitation identified within the captured studies therefore extends to this review, increasing the difficulty of comparing between studies.
The time horizon of the literature search was 10 years and publications reporting on cost analyses performed in 2005 or after were included. However, it is important to note that some of these publications include patient or disease management data collated prior to 2005. Whether data presented in this report can be extrapolated to the wider SCLC patient population in Australia, Brazil, Canada, Europe, Japan, Russia and the US would require further research.
A key step of the systematic review process is to ensure all publications included within the final analysis and reports are assessed for quality. In light of this, each publication was assessed for quality against an adapted version of the DRUMMOND checklist, which has been developed for the purpose of assessing the quality of economic evaluations [9] . This checklist was used as it was perceived as being the only published quality control guidance applicable to the objectives of this review; however, it was not directly relevant to all publications reviewed. In this capacity, the DRUMMOND checklist was of limited application to some publications reviewed (some publications were abstracts or posters and presented limited information, i.e. no full justification of the methods etc., and some checklist questions were specific to modelling studies and were therefore not applicable to all types of publications).
Several non-peer-reviewed publications were included in this review as grey literature with the aim of augmenting the findings of this SLR, particularly with regard to the economic burden, which could have limited validity [17, 22, [26] [27] [28] . In addition to this, the inclusion of secondary sources, such as economic models and literature reviews, within this review may reduce its validity [47] .
Summary of Results
In conclusion, the publications included within this review assessed the economic burden and/or indirect and direct costs of SCLC in Australia, Brazil, Canada, Europe, Japan, Russia and the US. Generally, there was a paucity of publications identified in this review reporting on economic burden and indirect costs, indicating a severe lack of research in this area. SCLC accounts for approximately 15% of all lung cancers, however few publications report on its economic burden compared with NSCLC [4, 43] . When reported, economic burden and indirect costs were high in relation to the total costs presented [12] . Despite the direct costs being reported in numerous publications identified within this review, the costs reported were diverse, ranging from costs of diagnosis to costs for specific treatments and cost comparison analyses [27] . In addition, the way in which costs were evaluated/analysed and reported varied, making direct comparisons difficult to conduct. Although diverse, all direct cost publications reported high direct costs in the context of the total costs associated with SCLC.
This review found that only a limited number of publications provided sufficient context for costs to be converted, and reinforces the finding that the available cost data in SCLC are diverse, both in magnitude and the treatments or resources for which they are available. Further research into the cost of SCLC is recommended, along with improved reporting to allow comparability.
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